Objectives: The objectives of this study are: 1) to investigate if county and regional differences in selected health indicators are statistically significant before and after age adjustment and 2) to compare these crude and age-adjusted direct estimates with synthetic estimates (county-level estimates based on statewide rates).
Introduction
Health-related research has shown that morbidity and mortality are influenced by personal behaviors. Prior to 1983, only national estimates of health risk behaviors among the U.S. adult population were regularly available, from surveys conducted by the National Center for Health Statistics. State-specific data about health behaviors were not generally available. It was clear that statelevel data were needed to support intervention plans, monitor trends, and target resources. As a result, the Centers for Disease Control and Prevention worked with states to develop the Behavioral Risk Factor Surveillance System (BRFSS), which is a state-based surveillance system.
Realizing that behaviors vary within states -e.g., between urban and rural communities and between racial and ethnic groups -many states have attempted to derive estimates of health risk behaviors for counties and cities by combining BRFSS data over several years. Results from these analyses have demonstrated geographic differences in health insurance coverage, 1 physician practices, 2 and health behaviors. 3 The awareness of local differences in health behaviors has generated a steady demand on the state-based BRFSS surveys for sub-state estimates that will give state and local health agencies a better picture of health variations within a state. In recent years, a number of states have conducted their BRFSS surveys in counties or regions (e.g., Idaho, Kentucky, North Carolina). The combined nationwide sample size for the BRFSS has dramatically increased from 113,934 respondents in 1995 to 212,510 in 2001. This sample size is expected to exceed 250,000 in 2003. Moreover, a number of states have conducted BRFSSlike surveys at local levels (e.g., Illinois, Massachusetts, Florida).
Survey sample size increases are quite costly and require additional staff for the effective collection and analysis of the data. Due to these factors, there have been a number of studies exploring the use of statistical techniques to produce small area estimates. Most commonly, synthetic estimates are used to generate small-area estimates from state-level rates. While statistical modeling approaches require significant expertise and computing skills, synthetic estimates are relatively easy to compute and are often used by epidemiologists and health statisticians to produce local-level estimates from state-level BRFSS data. However, synthetic estimates usually assume that rates of health behaviors are constant across small areas such as counties and health districts and that the overall county-level differences in health behaviors are due only to differences in the socio-demographic structure of the populations. Synthetic estimates do not account for differences in local health priorities, differences in local program focus, or unique aspects of a county's population.
Increases in the BRFSS sample size in North Carolina have made it possible to produce direct county estimates. This report features the results of the first county-level data from North Carolina's BRFSS for the year 2001. In this report, our first objective is to investigate if the county and regional differences in selected health indicators are statistically significant before and after age adjustment. The second objective is to compare these crude and age-adjusted direct estimates with synthetic estimates based on the gender, race, and age distributions of each area.
Methods
Survey data from the 2001 North Carolina BRFSS were used for this study. The BRFSS is a random-digit-dialed telephone survey of non-institutionalized adults ages 18 and older. All analyses were performed with the SUDAAN software, designed for the analysis of complex sample designs such as the BRFSS survey.
In 2001, the North Carolina BRFSS sampling frame consisted of the ten most populated counties (Buncombe, Cumberland, Durham, Forsyth, Gaston, Guilford, Mecklenburg, New Hanover, Onslow, and Wake) and three regions (Piedmont, Eastern, and Western) containing the remaining 90 counties. Representative samples of adults ages 18 and older were selected from each of the ten counties and three regions. To accommodate separate estimates for each of the ten counties, the annual N.C. BRFSS sample size was tripled compared to previous years' sample sizes, resulting in a total of 6,205 completed interviews for 2001. Each county was assured a minimum of 400 completed interviews, providing a reasonable degree of precision (95% confidence interval +/-5%) for estimating the prevalence of health-related conditions, such as the prevalence of smoking or obesity. A target of 700 completed interviews was set for each of the three regions. Table 1 displays the population and sample distribution for each of the sampling units. Weighted data were used for all of the analyses in this report.
Three domains of health were compared: chronic diseases, high-risk behaviors, and access to health care. Within each domain, four key indicators were identified. For chronic diseases, the prevalence of disability, arthritis, diabetes, and current asthma was assessed. High-risk behaviors included smoking, obesity, binge drinking, and no leisure-time physical activity. Access to health care consisted of having no health care coverage in the past year, not having a usual place of care, having no dental insurance, and not being able to afford medical care (in the past 12 months) because of cost.
All rates were age-adjusted to the 2000 North Carolina State Census population. Each of the ten counties and the Piedmont and Western regions was compared to the Eastern region to test for significant differences in the crude and age-adjusted rates. The Eastern region was selected as the comparison group because it is the most impoverished area and has experienced the highest prevalence of most adverse health outcomes. Local and regional estimates were also compared with the statewide estimates to determine statistically significant differences (based on t-tests) and the ranges of estimates were examined within North Carolina and across the 48 contiguous states and District of Columbia, when applicable. The overall significance level of the differences among crude rates for each health indicator was determined using a chi square test. Synthetic estimates were calculated by applying the statewide gender-raceage specific BRFSS rates to the comparable 2000 Census populations of each county/region. The synthetic estimates were compared to the direct estimates. The same three age groups (18-39, 40-59, and 60+) were used in the age adjustment and synthetic rate estimates. 
Results
The North Carolina 2000 census population and the 2001 BRFSS samples for the ten counties and three regions are shown in Table 1 . A comparison of unweighted sample percentages with the adult population percentages show that the eight counties were oversampled, with ratios ranging from approximately 4 to 1 in Onslow County to 1.3 to 1 in Guilford County. The two largest counties, Mecklenburg and Wake, and the Western region were slightly under-sampled, while the Eastern and Piedmont regions were under-sampled by approximately 50%. The weighted percentages are very close to the distribution of the census population. Table 2 shows the county-and region-specific crude, age-adjusted, and synthetic rates; chi square test results for the crude rates; North Carolina statewide estimates; and ranges for the 48 contiguous states and the District of Columbia for the 12 selected indicators from the three health domains. Based on chi square tests, crude rates differed significantly across the ten counties and three regions for all but two health outcomes, diabetes and current asthma. Half or more of all 78 possible comparisons between each of the ten counties and three regions showed significant differences for the crude rates for doctor-diagnosed arthritis and no dental insurance (Table 3 ).
The Eastern region had either the highest rate, or a rate not significantly different from the highest rate, for disability, arthritis, diabetes, current asthma, smoking, obesity, no leisure-time physical activity, and reporting cost as a barrier to health care. The Eastern region also had the highest rates of having no health insurance and no dental insurance. Gaston County and the Eastern region had the worst levels of health conditions and behaviors; out of the 12 indicators only the crude rate for no health insurance differed significantly between the two areas. In contrast, Durham, Guilford, Mecklenburg, and Wake counties had significantly better rates for at least seven of the 12 indicators, compared to the Eastern region. Guilford, Mecklenburg, and Wake counties had also significantly better rates for at least five of the 12 indicators compared to the statewide estimates, based on t-tests.
The ranges of crude rates for the ten counties and three regions were wider than the confidence intervals (CI) of the North Carolina statewide estimates for all health indicators, and ten of the 12 indicators had at least one crude rate that differed significantly from the state estimate. For example, the range for the smoking rate was between 18.2% and 30.7%, compared to the CI of 24.0% -27.5% for the statewide smoking rate of 25.7%. Durham, Guilford, and Mecklenburg counties had significantly lower smoking rates and Onslow County had a significantly higher smoking rate than the state rate. For a number of health indicators, the ranges of prevalence estimates were such that the upper values were more than twice the size of the lower values. For example, the prevalence of arthritis was the lowest in Wake County, with a rate of 11.5%, compared to the highest rate of 30.3% in the Western region. Likewise, the rate of cost being a barrier for health care access was only 6.9% in Wake County compared to 17.5% in Gaston County.
For eight of the 12 health indicators, crude rates were available for the 48 contiguous states and the District of Columbia. The variation in North Carolina for these eight indicators was comparable to the variation across the 48 states and the District of Columbia. For most of these indicators, only one or two states had rates either higher or lower than those observed in the ten North Carolina counties and three regions. For example, only Utah and California had lower smoking rates than Durham County, and only Kentucky had a higher smoking rate than Onslow County. Likewise, only Massachusetts and Colorado had lower obesity prevalence than Age adjustment tended to reduce the number of significant inter-county or region differences (Table 3 ). There were fewer significant age-adjusted rate differences for disability, arthritis, obesity, binge-drinking, no leisure time physical activity, and no dental insurance compared to the crude rate differences for the same indicators. In contrast, there was an increase in the number of significant differences in age-adjusted rates for current smoking, having no health insurance, and cost being a barrier to health care.
Age-adjusted rates also differed significantly between the Eastern region and at least one of the ten counties and two other regions for all health indicators except current asthma rates. Again, the prevalence of doctordiagnosed arthritis and no dental insurance varied the most. As expected, the ranges in age-adjusted rates were generally slightly smaller than the ranges for the crude rates, but they were wider than the confidence intervals for the statewide age-adjusted rates. For example, disability crude rates ranged from 16.9% to 29.2% among the ten counties and three regions, compared to a range of age-adjusted rates of 19.6% to 28.3% and the confidence interval of 23.3% -26.6% for the statewide ageadjusted disability prevalence.
The relative position of the Eastern region did not change much after age-adjustment. The Eastern region still had among the worst levels of these 12 health indicators compared to the ten counties and the other two regions. Although the age-adjusted rates for Gaston County were slightly better than the Eastern region in general, Gaston was the only county for which none of the age-adjusted rates differed significantly from the Eastern region. Compared to statewide rates, the Eastern region had higher rates for all of these health indicators except binge drinking. The Eastern region's ageadjusted rates for three of the four health care access indicators (no health insurance, no dental insurance, cost as a barrier for health care access, and no usual place of care) were significantly higher than the state rates.
The third set of estimates examined was synthetic estimates. As expected, the synthetic estimates based on gender, two race groups, and three age groups were closer to the state rates and had narrower ranges compared to both crude and age-adjusted rates for the 12 health indicators across the ten counties and three regions. Synthetic estimates rarely fell outside the state confidence intervals for either the crude or age-adjusted rates. For example, only one area estimate (out of 13) for current smoking, obesity, and no leisure-time physical activity was outside the state confidence intervals.
For current asthma and binge-drinking, all synthetic rates were within the state confidence intervals for both crude and age-adjusted rates.
The synthetic estimates differed substantially from both the crude and age-adjusted rates in Table 2 . The health indicators that had the largest differences between synthetic estimates and crude or age-adjusted direct estimates were those with the most variation across the ten counties and three regions: no dental health insurance, cost being barrier to health care access, no health insurance coverage, current smoking, and doctor-diagnosed arthritis.
A comparison of the synthetic estimates with the crude and age-adjusted rates for each county and region revealed that the synthetic estimates were over-estimates in counties with direct survey estimates that were significantly lower than the state rate, and were under-estimates in counties with direct survey estimates that were significantly higher than the state rate. For example, Mecklenburg County had a very low prevalence of no health insurance, based on both the crude and ageadjusted rates; however, the synthetic estimate for Mecklenburg County was approximately twice as high as the crude and age-adjusted rates for no health insurance. In contrast, many of the synthetic estimates for the Eastern region were much lower than the direct survey estimates and were nearly always within the confidence intervals of the crude and age-adjusted rates for the state.
Discussion
The first objective was to compare crude and age-adjusted rates for 12 important health indicators among ten counties and three regions in North Carolina based on the 2001 BRFSS survey results. These comparisons revealed that the health indicators varied significantly across North Carolina. A county should use crude rates for their own public health planning purposes. However, if the interest is to compare the counties and regions on the relative level of health risks, then it is better to use the age-adjusted rates. Our results suggest that age-adjustment produces the largest differences from the crude rates for two chronic conditions, arthritis and disability; has only a marginal effect on the rates for high risk behaviors; and has little effect on the rates for health care access.
This study shows that health care access indicators varied significantly across North Carolina counties and regions. An underlying factor contributing to the geographical health disparities in North Carolina seems to be access to health care, which is in turn highly associated with economic conditions. The most impoverished area, Eastern North Carolina, clearly had the worst health outcomes on most of the 12 indicators. In contrast, the four wealthiest counties had consistently better health outcomes than both the Eastern region and the state as a whole.
Our study provides strong evidence for the importance of direct local-level sampling to detect sub-state geographical variation in health indicators. The use of synthetic estimates does not capture the variation across counties in health risks and behaviors. In fact, using synthetic estimates can clearly be misleading. Our results show that the synthetic estimates were generally over-estimates in counties where rates were significantly lower than the state rate and under-estimates in counties where rates were significantly higher than the state rate. However, more complex statistical modeling procedures may have the potential to produce better sub-state estimates, reducing the need for extensive local-level sampling.
Our study also provides evidence for the importance of ensuring an adequate sample size for detecting significant variation for health indicators with low prevalence rates. The prevalence estimates for diabetes and asthma were the lowest among the 12 indicators in our study, and we found very few significant differences across the ten counties and three regions, likely due to lack of power. With a sample size of 400, we expect the 95% confidence interval to be within plus or minus 5% for indicators with a prevalence of 50% (a relative error of 10%). For health indicators with low prevalence rates such as diabetes and current asthma (around 6%), a sample size of 400 would result in a confidence interval plus or minus 2.3% (a relative error of 38%!), indicating the need for a further increase in sample size.
There are several limitations to the data presented here. The BRFSS survey does not cover persons who live in households without a telephone and does not cover persons who live in institutions. Also, in a phone survey all data are self-reported and thus subject to biases due to recall and social acceptability of responses. Finally, the 2001 North Carolina BRFSS survey was conducted in English only, thus excluding Spanish-speaking Hispanics and others who do not speak English.
Public health implications from the observed large county variations in health indicators are: 1) where possible, counties should use county-level baseline data to monitor health behaviors and track progress toward their objectives, such as Healthy People 2010; and 2) state programs should be aware of these large geographical differences in health indicators when making decisions, planning programs, and allocating resources. We recommend that those counties that were not sampled separately in the BRFSS use the data from their own region (Western, Piedmont, Eastern) for planning and tracking purposes.
